The ·aquifer is composed ot unconsolidated fine-to medium-grained quartz sand interbedded with thin layers of clay. It is apparentlf about 210 feet thick and the upper surface dips westWard about .30 feet a mile. It is believed that the sand can be identified as a ~ologic unit as far as 45 miles vest, 78 miles north, 48 miles east, and 80 milPs s~th of Memphis.
Water from the "1,400..foot" sand is very soft but it contains iron. In the Memphis area its temperatur~ ranges tram 70° to 72° F.
Pumping tests were ~e and the values for transmissibility and ~he coefficient ot storage were found to vary somewhat in different parts of the city. About 49 billion gallons of water was pumped from the "1 , 4C>O-foot" sand in Shelby County, Tennessee, from 1924 through 1946 In 1946 an average of abont 8.7 million gallons of water was 'pumped daily from the sand in Memphis. It_ is estimated that about 1 mil1ton gallons ot water is pumped daily trom th~ -~1,40Q-foot" sand in De Soto County, Mis""issipp1, and Crittenden County, Arkansas.
A study of the available water-level and pumpage data indicates that nearlJ all the water pumped up·to and including 1945 came trom storage vi thin the sand. There is, as yet, no indication that recharge bas been affected by the pumping. 
INTRODUCTION
History of the development of the "1,400-foot" sand
The entire municipal water supply of Memphis, _Tennessee, comes from water-bearing sands of Eocene age. Most of the municipal supply is obtained from sandy beds about> 400 to 500 feet below the land .surface in the Claiborne group that are known locally as the "500-foot" sand. A supplementary source of water is obtained from a sand about 1,200 to 1,400 feet below the land surface in the lower part of the Wilcox group, known locally as the "1,400-f'oot• sand. A partial inventory of wells in the vicinity .or Memphis has disclosed that the city of West Memphis, Arkansas, about 7 miles west of Memphis, has two wells in this sand and that Marion, Arkansas, about 5 miles north of West ~~emphis, has one. Several 2-and 3-inch wells probably in the same sand have been reported south of Memphis in De Soto County, Mississippi.
Previous tnvestigations
The earliest report on groand-water conditions in this region was written by L. c. Glenn ---~Hi '; l·:l~; !l ;i~~-~~n~1' 1 t--r 1 ' l ; ;·,~,-··-~IT,:~:;~:.,· ---~, ·;;~. ; , : · ; " .FH~' · ;· ':'·~". . . . -f 1 ; ' 1 · ,;~---------LL:Co)EE~S~ss"i(~PPLLJE;I S~T~O~C~E;N~E~)L===~:: 
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1.ooo ~ .. :=:::: --?---- In this report no attempt has been made to subdivide the Wilcox group in the subsurface bec:;ause the history of marine advances and regressions in the upper embayment was so complicated that marine and continental beds grade laterally and vertically into one another. In earlier work correlations on the surface have generally been based on fragmentary remains of plants, but these are generally destroyed by rotary drilling.
At least locally the "1,40D-foot" sand con-' sists predominantly of unconsolidated fineto medium-grained quartz sand. Drillers I logs geDer~ describe the upper third or the unit as •sand", •artesian sand" 1 8 good sand", or "water-bearing sand.
• Electrical logs of wells in the vicinity of Memphis essentially agree with these descriptions, although they also indicate that there are. some beds of argillaceous sand and sandy clay-, up to 5 or 10 feet thick, interbedded with the sand. Overlying the sand c:re thick beds of gray-1 bluiah-gr&.7, and green clais and shal7 clayw interbedded with thin lqers of lignite, sand, and sandy cl.q. On the geologic map of Tennessee the MidwayWilcox contact is about 60 miles east of Memphis. It the "1,4~foot• sand is assumed to be a continuous hydrologic unit eastward from Memphis, the distance to this contact would be the approximate distance to the area where the basal part of the sand crops out on the surtace. In Mississippi u/ there is some doubt as to whether the sand is continuous to the east and the same condition ~ possibly prE' vail in Tennessee. However, if' the sand is continuous eastward, there is also a possibility that it is completely overlapped by the Claiborne group.
Regardless of whether the sand is overlapped eastward by the Claiborne group, the possibility of recharge still remains becanse the ·claiborne group includes sandy beds which would permit the percolation of water downward toward the 11 1 1 400..toot• sand.
Structure and thickness.-It should be kept in mind that practic8liy all the information on the "1,400-toot" sand in the Memphis area has been recorded by water-well drillers. Unless a test hole is being drilled, the accumulation of data of scientific value is ot secondary importance to drillers because they are primarily interested in completing the well. Even though some of the logs JDa7 be very poor 1 the drillers are to be commended for keeping the existin~ records.
The apparent westward dip of the upper surface of the "1 ,4QO..foot• sand along the line of section A-A • (pl. 2 ) is about 30 feet to the mile. This figure is fairly reliable because the driller usually makes accurate observations about the time he expects the drill to penetrate the sand in which he is go~ to set the screen.
The structural contour, map of the upper surface of the •1,400...toot 11 sand in Shelby Count,-( fig. 1 ) was drawn with 16 control points. Three of the points are wells which were logged electrically. The rest are . selected drillers 1 logs which were considered to be relatively accurate. It should be noted that eight ot the control points are concentrated in Memphis. Consequently, the map is a very generalized picture ot the configuration of this surface.
In the North Parkway Pumping Station area (walls with prefix number 7 in p 1. 1) 1 where the mean land-surface elevation is about 250 U' Peraonal cCIIDDIUD.ication fr.Qm G. F, Brown 1 u.s. Geological Survey, Univers1ty, Mississippi.
. • ~ There is no record as to which method of sampling was used in collecting the samples studied. Theretore, the results 1 can be used only to make general comparisons between samples as far as. texture and the degree of sorting are concerned. It sbou.ld be emphasized that size-analysis data for a single sample are of little value unless the,-are used tor comparison with data for samples which have been collected in a •imilar marmer.
The sand samples studied range in texture troll fine to medium, the ave~e-falling in the medium grade (Wentworth~ scale). The coefficient of unif'ormit,-is a mDD.erical index of the degree to which the sand bfs been sorted. It represents the .ratio of the diameter ot a grain that is coarl!ler than 60 PfJl"-eent of the sample to the diameter of a grain that is coarser than 10 percent of the sample. Thus, a sand that is perfectly sorted would have a coefficient ot uniformity of 1.0; that 1a, all the grains would be ot the s.. size.
The average coefficient ot uniformity tor 22 samples tram the •1,400-toot• s&Dd is 1.5, the max1mtml recorded is 1.6, and the miniJIIDI is 1.3. These coefficients are all somewhat lower than the trne value because it must be assumed that some of the finer mineral gra1u have been lest. Even though it is likel7 that some of the coarser grains have been loat also, most ot the loss. is probably in the smaller grain sizes, olfing to the fact that they remain in suspension in the dril.l. Eve17 sample ·exudned containa minor amouuta ot kaolinite. The kaolinite is general.l7 in slightl7 elongated "books" which are subr0Wlde4 tt9 subangular in shape. This mineral is extremely sort in comparison to the detrital minerals listed above. .If the kaolinite had _been_derived directly from the weathering-of feldspars in the sand it would have been more or less amorphous, except tor possible preservation of the general outlines or cleavage fragments. In a:idi tion, there should have been some partially kaolinized feldspar grains in the sand. The worn edges of the kaolinite grains suggest that they have been.transported for some distance, but the relatively weak physical character or the mineral limits the possible distance to the source area. The stratigraphic position of the sand (near the contact betlleen the WUcox and Midway groups) suggrsts a possible source for the kaolinite b~caus~ kaolinitic blays, bauxite, banxitic clays' and kaolinized bauxite are quite commonly associated with this contact in Arkansas, Tenness~e, Mississippi, and Alabama. It is possible that the kaolinite was eroded and transported in post-Midway time from deposits or kaolinite on the surface or the formations or thR Midway group.
QUALITY OF THE WATER
Water from the "1 ,40D-foot" sand is generally or good quality and ranges from 700 to 72° F. in temperature. The average hardness determined from 10 analyses is 9.5 parte per million (as GaC03) • The maximum value recorded is 17 and the minimum is 5. This is generally considered to be a very soft water. The following table presents three typical analyses of waters from the "1 1 4DO-foot" sand. An objectionable quality of the water is that it contains an average of 0.86 part per million of iron. The maximum value recorded is 1.7 parts per million and the minimum is 0.45 part per million. The presence of the iron necessitates its removal by aeration and filtration.. Practically all the iron in the public supply of the City of Memphis is eliminatPd in this manner.
WATER-BEARING _PROPERTIES
Pumpage and water-level history As far as is known the only major water withdrawals from the,"l,40D-foot" sand occur in Shelby County, Tennessee. A partial well inventory conducted in July 1945 in Crittenden County, Arkansas, indicated a total withdrawal of about three-quart~rs of a million gallons of water a day. The quantity or water withdrawn from the 2-and 3-inch wells penetrating the sand in De Soto County, Mississippi, ~s small. Outside Shelby Colinty the total amount ot ,water pumped from the "1,40Q-foot" sand is probably about a million gallons a day, and thr:se withdrawals are distributed over a large area.
In Shelby County, owing to a combination of fortuitous circumstances, it has been possible to obtain an almost complete record of the water pumped from the aquifer. To obtain this record it was necessary to make a thorough check of all the records of the Memphis Light, Gas and Water Division and its predecessors. Fortunately, W. G. Lanham, the Superintendent of Wells, has insisted on the compilation and maintenance of adequate pumpage records. As Mr. Lanham has been associated with the muni_cipal water supply of Memphis for nearly 40 years, the records are in good condition. The records of deep-well pumpage are continuous from the time the first well was put into operation on November 11, 1924. From 1924 through 1946 about 49 billion gallons of water vas pumped from the "1,40D-foot" sand in Shelby County. The av~rage daily pumpage is given in the following . level fluctuations in a particular observation well tEmd to reflect the pumpage in the well field in which the observation well is located more than they do the total pumpage in th~ area. The relation between the fluctuations of the water level in an observation well and the total pUmpage is obscured by the £act that water is b~ing pumped from several widely scattered points.
In De Soto County, Mississippi, a few measurements of water levels were made in wells that probably tap the "1,400-f'oot" sand. These measurements have been published in water-supply papers of the Geological Survey entitled "Water levels and artesian~ssure in observation wells in the United States," beginning with the 1942 volume. Although measurements were not made early enough and were not numerous enaugh to justify any conclusions, it is apparent that water levels in thP aquifer have declined, for the wells in Mississippi that formerly flowed freely under several feet of head now mnst be pumped. The difference between the drawdown computed :from the effect or. pumping since 1931, 1.2 to 15 feet, and the actual measured drawdowns, about 17 feet, is 2 to 5 teet. It is believed that this discrepancy is largely due to variations in pumpage within the field and to pumpage in Cr~ttenden County, Arkansas, and De Soto County, Mississippi, and to variations in the transmissibility and the coefficient of storage. The effect of recharge is not yet discernible. This would indicate that the re-· charge area is quite distant, probably more than 50 or 60 miles .from the Memphis area.
The available water-level data, combined with pumpage and pumping-test information, seem to show that until now the aquifer has behaved as would be expected ot the theoretically infinite aquifer postulated in the derivation of the formulas used to compute the effects of' withdrawals. Apparently the quantity of water withdrawn has been small compared to the total quant~ty in storage and the effect of the boundaries of the aquitor is not yet manifest.
.,.
Pumping teste
The quantity of water that can be obtained from a well or a group of wells depends in part upon the hydraulic characteristics ot thP. wate~aring formations tapped by the vella. Pumping tests may be used to determine . the-se characteristics. The quantity of water that is transmitted by a formation depends upon its pel'lleabUi ty, thickness, extent, and continuity, and on the hydraulic gradient that is induced in the formation.
• The permeability of a formation is defined aa the rate at which the formation vil1 transmit watf>r through a unit cross section under unit difference of head per unit distance. Permeability may be exprPssed as 'the :number of gallons of wa~r a day that will percolate through a cross section of the tor.matiaD 1 mile wide and 1 foot thick, tor each toot per mile of bydranlic gradient.
Transmissibility is the product ot the permeability and the thickness or the saturated portion ot the aquifer, and 1n· this report is :measured in gallons a day per toot.
The coerticient ot storage is the valume of water releas~ from storage in each vertical prism of the> aquiter or unit cross section by unit decline of head. The water is derived from storage, oviDg largely to the expansion of the water and the compaction of the aquifer. There is no actual unwatering of the formation.
Arter the deep wells of the Sheahan well field were ccmpleted between 19.32 and 1934 by the Water Department (now included in the Memphis Light, Gas and Water Division), pumping tests were conducted on each well and the interference among the different wells screened in the same stratum was measured. The differences in the transmissibility aDd coefficient of storage in the Sheahan and Parkway well fields and at the Buckeye plant are :important in considering any future increase in the use of deep-well water·. A well drilled in the Parkway field should baire a specific capacity 25 to .30 percent greater than an identically constructed well in the Sheahan field or in the vicinity of the Buckeye property. The specific capac! ty of a well is defined as the yield per unit of drawdown and is commonly expressed as the yield in gallons a minute per foot of drawdow.n or the water level after a definite period ot pumping. For equal well spacing and the same pw:1page, the interference among the Parkway wells will be less than the interference among wells at the Sheahan field or at the Buckeye plant. Figure . 3 shows the approximate water-level decline to be expected at the end of 1 day at various distances from a well that is being pumped at 1,&0<> gallons a minute. Separate curves have been drawn for the Sheahan and Parkway well fields and tor the vicinity or the Buckeye plant, using the following values for the transmissibility and coefficient of storage at the three locations:
Transmissi-Coefficient Location bUity ot storage Parkway well field 1.30,000 4.5 X 1Ci4
Sheahan well field 100,000 1.6 x lo-4
Buckeye Cotton Oil 2 • .3 X l<J4 Company 100,000
As far as statio water levels are concerned, ov~r a long period of years the differences in water-level deolines.at each of the locations will be small if equal amounts of water are pumped constantly at each location. Howev~r, the Parkway field and the Buckeye plant have a practical advantage over the Sheahan field in that their elevations are about 50 teet lower and consequently the pumping lifts are less. A study of the available subsurface data indicat~=>s that the 11 1,400..f'oot 11 sand is probably in the lower part of' the Wilcox group (Eocene). It is composed essentially ottineto medium-grained, subangular to sharply angular quartz sand interbedded w1 th a f'ev thin layers of' clay. The sand is apparently about 210 Ill feet thick and the upper surface dips westward about .30 feet to the mile. It is believed that the sand can be identified as a hydrologic unit as far as 45 miles west, 78 miles north, 48 miles east, and SO miles south of Memphis. In the Memphis area the aquifer has been found to be remarkably uniform both geologically and hydrologically. A study of the available water-level and pumpage data indicates that nearly all the water pumped up to and including 1945· came trom storage within the aquifer. There is, as yet, no indication that the rate of recharge or the aquifer bas bee~ affected by the pumping.
Water from the "1,400-footn sand is ver,y soft but it contains iron.
More investigative work will be necessary before these tentative conclusions can be substantiated tully.
